Chlorine and bromine isotope fractionations of halogenated organic compounds in fragmentation by gas chromatography-electron ionization high resolution mass spectrometry.
Revealing fractionations of chlorine and bromine isotope in electron ionization mass spectrometry (EI-MS) is crucial for accurate compound-specific isotope analysis of chlorine/bromine (CSIA-Cl/Br) for halogenated organic compounds (HOCs) using gas chromatography EI-MS (GC-EI-MS). This study investigated chlorine/bromine isotope fractionation of 12 organochlorines and 5 organobromines in EI-MS using gas chromatography-high resolution mass spectrometry. The observed isotope fractionations were evaluated with relative variation of chlorine/bromine isotope ratios (Δ37Cl or Δ81Br) between precursor ions and their product ions. All the 17 HOCs exhibited significant isotope fractionations with varied modes and magnitudes depending on compound and EI energy. The magnitudes of the observed isotope fractionations were extremely large in contrast to those in in-solution dehalogenation reactions, showing the Δ37Cl and Δ81Br values within the ranges of -149.2 to 292.0‰ and -362.2 to 546.2‰, respectively. Inter-ion and intra-ion isotope fractionations counteractively influenced the measured chlorine/bromine isotope ratios of individual dehalogenation product ions, whereas only the former could affect (enhance) the measured isotope ratios of molecular ions. The magnitudes of inter-ion isotope fractionation were generally lower than those of intra-ion isotope fractionation for most HOCs (11/17). Stable EI energy and isotope-ratio calculation using complete chlorine/bromine isotopologues of individual molecular ions help to obtain CSIA-Cl/Br data with high precision and accuracy. The results of this study could facilitate exploration of chlorine and bromine isotope fractionations of HOCs during dehalogenation in such conditions as photoinduced dehalogenation, and further elucidate relevant dehalogenation pathways in light of reaction mechanisms revealed by CSIA data.